With the rapid development of high-speed railways, demands on high mobility wireless communication increase greatly. To provide stable and high data rate wireless access for users in the train, it is necessary to properly deploy base stations along the railway. In this paper, we consider this issue from the perspective of channel service which is defined as the integral of the timevarying instantaneous channel capacity. It will show that the total service quantity of each base station is a constant. In order to keep high service efficiency of the railway communication system with multiple base stations along the railway, we need to use the time division to schedule the multiple stations and allow one base station to work when the train is running close to it. In this way, we find a fact that if the ratio of the service quantity provided by each station to its total service quantity is given, the base station interval(i.e. the distance between two adjacent base stations) is a constant, regardless of the speed of the train. On the other hand, interval between two neighboring base stations will increase with the speed of the train. Furthermore, using the concept of channel service, we also analyze the transmission strategy of base stations.
1． Introduction
he rapid growth of high-speed railways around the world brings huge demands for wireless communicat ions on high-speed trains, however, the current system GSM for railway(GSM -R) can only support data rate less than 200kbps, and is main ly used for signaling rather than data transmission [1] . Therefore, new technologies and systems should be developed to meet the needs of high-speed railway communicat ion. Either simp ly making amend ments to GSM-R or evolving the current system to a mo re advanced one relies on the solution of several fundamental issues. Firstly, radio signals experience dramat ic loss when penetrating into or fro m the carriage. To deal with this problem, a t wo-hop architecture network has been proposed in [2] [3] . In this system, user informat ion is firstly transmitted to the access point(AP) in the train, then the AP sends the aggregated informat ion to the base station via an antenna on the top of the train. In this way the direct transmission from user terminals to the base station is avoided. Secondly, severe Doppler shift exists in the communication process because of high mobility, resulting in the difficult ies in channel estimation. In [4] , the performance of a p ro mising scheme fo r high-speed railway communicat ion--IEEE 802.11b with Doppler shift in railroad environ ment was analyzed. Thirdly, frequent handovers can lead to the increase of drop-offs, which significantly degrades user experiences. To reduce the handover frequency, a Rad io-over-Fiber d istributed antenna system was proposed in [5] . In this system, antennas are allocated along the railway and connected to a control center through fiber to increase the coverage region of a base station, thereby leading to the reduction of handover frequency. Finally, it is important to deploy the base stations properly along the railway in order to guarantee a stable service. Most of previous works considered this issue from the perspective of reducing handovers and didn't present an explicit relation between the base station interval and the speed of the train. Different fro m these works, we consider the base stations deployment issue from the point of view of channel service. Using this concept, we present the relation between the base station interval and the speed of the train exp licit ly.
The speed of the train is a key factor in the design of base station intervals, it is quite necessary to analyze their relation in details. In this work, we develop an explicit form of these two quantities using the concept of channel service. In particular, we find that when the time division scheduling is employed among the mu ltip le base stations communication system and the ratio of the service quantity provided by each station to its total service quantity is fixed, the interval between two neighboring base stations is a constant, regardless of the speed of the train. However, if each base station is required to provide a given channel service, the interval will increase with the speed of the train. 
System Model

A. System Architecture
We consider the two-hop architecture model as in Fig.1 . To access the network, users in the train firstly connect to the access point(AP) in the carriage, then the AP transmits the user data to a base station via the antenna on the top of the train. This structure has many advantages. Firstly, the drop-off rate could be reduced significantly. This is because the base station only needs to deal with the handoff of one AP rather than dozens of user terminals. Secondly, using the antenna on the top of the train, signals don't need to penetrate into or fro m the carriage, avoiding heavy energy loss. Finally, the well developed access technologies such as Wifi, W LAN can be used in the carriage to provide a stable and high speed wireless lin k.
It can be seen that the AP-to-base-station communication capability is the bottleneck of this two-hop architecture, which plays a key ro le in the service of base stations. Therefore, we main ly focus on the trainto-ground part, where the time div ision scheduling among mult iple base stations is employed.
It is clear that there are few reflect ions and objections on the ways of signal propagation in high speed railway communicat ion in most scenarios. Thus in this case it can be treated as a line of sight co mmunication. Assume that the base station and the AP communicate through an additive white gaussian noise(AWGN) channel. At each discrete time t , the channel output is , The base station coverage model is given in Fig.2 . In this figure, the base station is represented as A , the t rain is denoted as B . Assume that the train is moving at a constant speed v , the base station(which is 0 d distance away fro m the railway) sends messages to the train using constant power s P . Then the received signal power on the train is
 is path loss exponent, () dt is the distance fro m the base station to the train at time t . We establish an axis along the railway, as shown in Fig.2 : Let the cross point between the railway and its vertical line through the base station be the original point, the moving direction of the train be the positive direction. Assume that the instant when the train passes the origin is time 0 . Then at a given time
Substituting it in equation (2), we get the channel capacity at time t as:
For convenience, we denote The relation between channel capacity and time at different SNR is illustrated in Fig.3 . Note that the SNR is the received signal to noise ratio chosen at time 0 in this figure.
B. Definition of Channel Service and Dominant Ratio
The authors in [7] proposed a new concept of channel service, wh ich is defined as the integral o f the instantaneous capacity. In fact, the channel service is the maximu m amount of service that the physical layer can provide for network layer. Part icularly, it is defined as
In this work, we use this concept to denote the maximu m amount of service a base station can provide for the train t ill t ime t .
Substituting equation (5) The relationship between channel service and time is shown in Fig.4 . It is seen that the curve is increasing and finally tends to a constant value for large t . That is to say, the total service provided by each station is a cons tant, which is determined by the received SNR at time 0 and the distance between base station and the railway. Its physical meaning can be explained by using the bell curve of channel capacity versus time shown in Fig.3 . The channel service at time t is the area of the bell before t , for large t , the channel capacity tends to 0 , and the area of the bell tends to a constant.
Note 
In the fo llo wing d iscussions, we assume that the service distances of all base stations are the same, which is s d . In th is case, the base station interval equals the service distance, so we will not distinguish these two quantities later, and use s d to denote both of them.
To conclude this part, we show how to use  to determine the base station interval. If each base station is required to provide 90% , for instance, of its total service, then the service distance corresponding to this ratio is the required base station interval. Our main results regarding the relation between base station intervals and the speed of the train will be given in the next section.
Discussion on Base Station Inte rvals
To determine the base station interval, it is necessary to take the speed of the train into account. Our main goal in this work is to formulate the effects of the speed of the train on the decision of base station intervals. Moreover, we will analyze the relat ionship between channel service and the interval.
1) Choice of Base Station Interval given a Dominant
Ratio As is shown, dominant ratio can be used to determine the base station interval. The relat ion between base station interval and the speed of the train given a dominant ratio is described in the following
Proposition 1: Given a dominant ratio  , the base station interval s d is a constant, regardless of the speed of the train.
Proof: According to the definition of dominant ratio, given a constant ratio, there is: 
log (1 ) log (1 ) log(1 ) . log(1 ) 
Change the form of equation (12) 
Since the denominator is a constant, the nominator depends only on l , wh ich is a given constant, so  is a constant, this concludes our results. ■ Equation (12) Fig.5 . The concavity of the curve hints that given a base station interval, in order to get the maximu m  for the adjacent two base stations, the optimal policy is for each of them to provide service fo r only half the interval. This is easily seen fro m the fact that channel capacity decreases with distance in both directions along the railway. 
2) Choice of Base Station Interval given a Channel
Service It has been shown in previous part that given a dominant ratio, the base station interval is irrelevant to the speed of the train. In this section, we show that if the service quantity provided by each station rather than dominant ratio is used to determine the service d istance, then the base station interval will have a close relation with the speed of the train.
We first show how to use service quantity to determine the service distance: If each base station is required to provide a g iven amount of service in its service region, the least distance that the train travels during the transmission process is the service distance of the base station. This can be described as follows:
where, s d is the service distance decided by service  . Proposition 2: The base station interval decided by a given channel service increases with the speed of the train.
Proof: Assume that the base station interval corresponding to a given channel service  is s d , then 
Change the form of th is equation, we get The relation between train speed v and base station interval s d is shown in Fig.6 . It can be seen that given a constant service, the higher the speed of the train, the longer the service distance. And for a given service distance s d , in order to provide the same amount of service, it requires that the train keep a higher speed when the SNR at the original increases.
Discussion on the Transmission Strategy of Base Stations
In Sect ion 3, we focused on the decision of base station intervals(i.e. how the train speed affects the interval). And fro m the above discussion, we see that the channel service is influenced by the train speed, since the channel service upper bounds the service provided by a base station, we can then use this concept to discuss the transmission strategy of a base station. We define the transmission strategy problem of base stations as follows:
A base station buffers a certain amount of data, wh ich is equal to the total service it can provide, if it is required to provide a g iven ratio or amount of the buffer data to a passing train, when(i.e. at what points the train passes) should the base station start and end its transmission?
Using the results in section 3, one can get the following answers: Firstly, to transmit a certain ratio  of the data, the distance the train travels during the transmission process has nothing to do with the speed of the train, which can be obtained by solving s d fro m equation (12). Th is is true since both the amount of data the train receives and the maximu m amount of data the base station buffers decrease with v , as in equation (19) . However, to transmit a certain amount of data, the speed of the train does affect the transmission's beginning and ending time, their relat ion is shown in equation (20). Intuitively, the higher the speed, the longer the distance the station needs to serve, and the earlier (later) it needs to start (end) to transmit.
Conclusion
In this work, we discussed the issue of base station deployment using the concept of channel service. Specifically, we analy zed the relation between the base station interval and the speed of the train in t wo scenarios. In first scenario, we guaranteed that a certain ratio of the station's maximu m channel service be provided, and proved that the interval of adjacent base stations is irrelevant to the speed of the train. In the second scenario, if a g iven amount of service is demanded, the interval correlates with the train speed in a explicit form given by equation (20) . Moreover, these results were applied in the analysis of the transmission strategy of a base station.
